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Each book will be divided into sections instead of 

chapters, and the sections will deal with separate branches 

of the subject in the manner of a special article or mono- 

graph. An attempt will, in fact, be made to get away from 



the general scheme of this series of handbooks is unique, 

and it is confidently hoped that it will supply mental 
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their valuable work in building up an exact science of 

chemistry applied to economic problems of the agriculture of 

to-day. 

The sun is the source of power. The effective utilization 
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if we had a perfect distributing machine, the distribution 

of such a fertilizer would leave much to be desired, since the 

root hairs of the plant are very small and numerous, and if 

many of them fail to get their share of plant food there is sure 








able to cohere. Many forms of organic matter have a great 
capacity for absorbing water. This can be explained by 
reference to some familiar instances. Ground linseed cake 
will absorb about sixteen times its weight in water, peat 
moss litter about ten times its weight of water, and gelatine 



readily penetrate more than about one inch. Potash pene- 

trates a little further than ammonia. This, of course, 
applies only to the immediate action. Secondary actions 

of all these materials will alter their position. 





The plant products thus obtained are rarely fit for 
immediate use and have to undergo fuither manipulations. 
Sometimes crops are fed to cows which give milk which 
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ton of coal carbonized might be obtained. There are, 

therefore, great possibilities of an increase in the amount 

of sulphate of ammonia available for agricultural purposes. 

vSulphate of ammonia has for many years past been obtainable 







Increase due to i cwt. sulphate of ammonia costing 17s. 


of such increase that may be expected from the use of 1 cwt. 
of sulphate of ammonia per acre, costing about seventeen 
shillings. The crops have been valued at low prices. 
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water, and a few tenths of a per cent, of free sulphuric acid. 

It does not, however, exhibit any great tendency to cake, 

but may need to be broken by a spade before use. It is very 

easily soluble in water, and the common article will just redden 


sufficient to condemn the winter application of sulphate 

of ammonia. On general grounds sulphate of ammonia 
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(see p. 35), and admixture with basic slag would be of little 

value. One of its great advantages lies in the fact that it 

has no useless ingredients ; the whole of the lime and the 
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the fat skimmed off, and the resulting mass dried and used 

as a manure. In India much refuse fish is dried on the beach, 
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unless it is manured at the same time with one of the 

potassium group of fertilizers (see p. 40). Basic slag has 

even been used with great success on very poor pastures 

on chalk, and seems to be one of the most generally useful 
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phosphorus in fertilizers, but for most arable purposes both 
will be required. Probably fertilizers containing two ingre- 
dients are often sources of loss, since one of the ingredients is 
likely to be in excess. This loss can only be avoided if very 
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deflocculated, and, therefore, to interfere with bacteria 
or plant life. Such refuse materials as contain cyanides 














contains so nearly 20 per cent, of nitrogen that the unit price 

of nitrogen in sulphate of ammonia is almost exactly the 

same in shillings as the price is in pounds per ton, that is, 

when sulphate of ammonia costs about £16 per ton the unit 
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will very likely react with some of the sulphates present, 
so that in the manure heap the ammonia will be partly as 
ammonium sulphate. In addition to this, as the organic 
matter is decomposed by bacterial action, a portion of it will 
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point in the value of farmyard manure, and for such a purpose 

peat-moss litter will serve much better than any other member 

of the series. It must also not be forgotten that the straw 

might be used partly for feeding, as it would then not be 


60 to 80 per cent, of that eaten, the phosphorus about 3 per 

cent, of that eaten, and the potassium from 80 to 85 per cent. 
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Passage from Food to Dung.— The history of the 

nitrogen that is consumed by the live-stock on the farm is 

shown in the following table : — 
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ture, much liquid excludes air, lowers the temperature, and 

therefore the rate of decomposition. Much carbohydrate 
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fermentation, and to prevent loss by drainage. The loss by 
drainage may be very pronounced, even under carefully 
controlled conditions. In a series of experiments conducted 






It will be quite impracticable to have every fertilizer 

employed on the farm a quick-acting one. Some of the 

ingredients of any fertilizer must be of slow action to provide 

for the future. Farmyard manure should, therefore, be 

considered not in opposition to chemical fertilizers, but in 





districts the night soil collected may be taken to a factory 

and dried, and the grease extracted by petroleum spirit, 

the resulting material being supplied to the farmers in the 
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can be obtained. 

The Sludge Precipitation System. — To prevent the 

nuisance of crude sewage the idea arose of precipitating at 

least some of the material as a sediment or sludge, and a large 

variety of patent mixtures have been used for this purpose. 
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SOILS AND THEIR PROPERTIES 
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and sodium sulphate-will also precipitate the colloids ; 

super-phosphate, lime, basic slag, and farmyard manure all 
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plants. In high altitudes the sun’s rays fall upon the ground 

through a shorter, less dense, and clearer column of atmosphere. 

On the other hand, considerable lowering of temperature 

is produced on high altitudes by ascensional currents of 



The best conductors of all are moist gravels, which type of 

soil produces the earliest crops. Deep down in the subsoil 
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from the soil, and 18 inches per annum from a water surface. 

In many parts of the British Isles evaporation is greater than 

at Rothamsted, and in hot, dry countries the amount is 

still greater. At Alice Springs, in South Australia, evapora- 

tion amounts to 103 inches per annum, and at Bombay it 



atmospheric conditions prevailing when the sample of soil 

was taken. When soils have been wetted by rain and allowed 
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most important ingredient in soils. Probably phosphorus 
and nitrogen are the two most commonly lacking soil 
ingredients. Ferric hydrate in the soil is capable of combining 
with phosphoric acid and forming insoluble phosphates. 



was investigated by Ivawes and Gilbert at Rothamsted, 

who found that carbon was oxidized away from the soil 








to dissolve more and more phosphoric acid from the soil 

is not a criticism of Dyer’s method at all, but an explana- 

tion of the reason of its success. It is just because citric 
acid and carbonic acid and the plant in relation to the soil 


often give a clue to the physical condition of the soil. 

IyUxmore showed the correlation between insoluble silicates 


<♦* %. 


3 g 

a B‘ o » 

p ft CL u 5: M 

I' P S - 


o w 
°§,3?o 


c n o 
p < 


as 

«*> B OO 

I 3 «" 


>2 now 

< S'H o, c> d tr° 

IfUlSfJffJi 

£2 ff B^2.^gP5“a 

CD 


ol : 


hj g tr 1 g > tr 1 w 
o^'g-p'g-g p 
R t cw p a h a h. 2 
M P OTQ P fcT ^ 
tr 1 CD ^ p: o-t~n o P 
M M OB s ^P) 3 

bj 1 " Cm _ ** cd 

■bs 2 ^£“g 

5 | SO a 

. r. o w . . £ 


1 

l 

1 

• o o o h 
odd m 

m w on 4 m 

O O 4 m 

o 

Oo’ 

to 

o 

o’ 

On 

80-0 

6o.o 

00 

o o o oj to vo 

4 *' On 4*." Ovvt vd 

vOOi h On o to 

Sand. 

B 

n. 

1 

1 

1 

o o o to 
o o o' M 

H H O 

OiOi O 

o 

M 

M 

o 

o' 

to 

o 

M 

00 

o 

to' 

o 

00 

o h h quo, to 

On 4 m O M(j O vd 
to O O OJ O O h 

t" 1 

o 

P 

o 

6 

p 

3 

*1 

1 

1 

1 

, q q o oi 
o o o o 

W M On O 

O O to 

o 

On 

On 

1 

o 

o’ 

VO 


VJ 

q ” h o ooquN 

On On On h O Oo On 
-P O O OJ O O vO 

o 

p 

o' 

SL I 
c 

< ! 

1 

1 

1 

I I I S3 

1 ‘ 00 to 

o 

M 

4 m" 

to 

0 

o' 

00 

o 

00 

o 

o' 

to 

m On 

O m 4 m OJ OJ ■<} 

4 m’ 00 On 1 Oo' tO On 

4 m O' 4 m vO OJ tO 

•1 O 

8 t 

a o 

W to 

£' 

3 

* 

1 

1 

1 

i , q q q 

o o «<r 

1 1 tO HSJ 

to On 

o 

M 

1 

o 

o' 

On 

o 

o’ 

ON 

vO 

o o o o h to to 

O’ Oj’ m o’ •vj 4 m’ to’ 

OnOJ Oj 4 - On On On 

in 

tu 

0 

a. 


1 

1 

1 

o o to 

1 1 S g-g, 

to ON 

o 

to" 

-p 

1 

o 

o 

vO 

o 

M 

On 

00 

o o o o on on 4 m 
h On On O M Oo 4 m’ 

On 4 m OJ 00 m o 4 m 

to 

so 3d 

5 S 
0.0. 

K 

u 

a 

p 

tn 

1 

l 

1 

O OO) 

I o' OM 
' 1 HU o 

O Oi 

o 

o' 

vj 

1 

o 

0 

O 

d 

•vj 

o o h o vq oo to 

to h On h sj sj d 

M O O On o 0 O' 

E* 

p 


4- 

o 

to 

o 

o 

I o o oo 

1 h o to oj 

UU o H 

o 

o’ 

1 

o 

o’ 

VJ 

1 

v4 

o o o | . ■ on 

On o O 1 1 1 to 

O On vo w 

a i 

S I 

1 

»< 

5! 

o 

#5 

O.II 

OJ~ 

Oi 

o 

to 

4* 

o 

to o o o oo 

O O M M 4.* 

Oi Oi On O 

o 

o' 

w 

1 

o 

o' 

1 

00 

o | o | oj to oj 

Oj’ 1 to’ 1 On M d 
w ON HS O 

b 

5^ j 

5 c 

P‘3 

?! 


OJ 


is tr k* <j 
§: § S' $ 
» K* p* E> 

d" rr n fc 


B* S- 2 o 

< g' g "* 


§■318 


i w O p' 


►.» (T> in j-j w *« 

►-> o o Q tl 

8 O Sr “ «• E. 

^ 9 i o g <S.a§ 

O *T"} M O P <* £ 


2 p' o 

5 O QTQ 3 

O W 5 

n c+ ^ 

* JP* P -+ 

^ O r-r* H 

^ P So 


in <5 

$ W tf* K’ 

H, P O O) 

3 & 3 9 
§ p 3 
3 ts p n> 


cr 2 ^ 

o P pf 





depend upon the kind of crop grown, but for crops of no 

great exhaustive character, ooi per cent, will make a good 

dividing line between fertility and need of manure. In 

considering the chemistry of soils one should consider rather 
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0 I 37> o ioo. It will be noted that the improvement is very 

marked in the top three inches, slightly less marked in the 

next three inches, while in the depths from six to nine inches, 

and from nine to twelve inches, there is still a steady increase! 

The gain in nitrogen is clearly still proceeding at all layers 


demand is phosphate, and very little good can be done to 

such soils until phosphates have been supplied. Afterwards 
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Table 14.— Crop Yields with Increasing Nitrogen Supply, 
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subject has attracted much attention for many years past. 

It is such an obvious idea that the original suggesters are 

probably many in number, but one of the foremost workers 

in the first days of any substantial results was Professor 


steam is not infrequently employed for the purpose of heating 

the soil on a moderately large scale. In a similar way all 
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been used. Naphthalene is another favourite soil fumigant. 

Crude naphthalene is a fairly cheap article, and not difficult 

to distribute. It is mixed with coke dust, gas lime, or ashes, 

for the production of many patent mixtures, which usually 







the supply of plant food in the soil is a very fundamental 

question is illustrated in Table 17, which shows the relative 

supply and demand of the most important elements of plant 

food, and it will be noted on purely fundamental grounds 
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from drought, may often increase the crop. 

Wet Lands. — Wet lands require, as a rule, drainage. 

Drains should be set not too deep, and should lead without 

any very sharp angles into the main drain. By such a 


condition, and ample plant food given, the soil remains 

fertile. Soils in the vicinity of rivers may need reclamation. 
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in well-populated districts there is little excuse for their 

existence. There are very large areas of land which have 

merely been neglected, and which are occupied by poor 

pasture. The boulder clay of the northern part of England, 





of land is generally a matter of a fairly big scale, it would 

be especially foolish to neglect a few preliminary experiments 

before proceeding to effect some system of reclamation. 

It is, of course, highly desirable that the materials used for 








produced in the plant is more difficult to discover. Oxygen 

appears to be evolved practically simultaneously with the 

absorption of carbon dioxide, and therefore very elaborate 

chemical changes seem improbable. The energy that will 


stings of nettles, in butter exposed to sunlight, in the contents 

of the stomach, and in many fermented materials. Formic 
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Glucose (dextrose, grape sugar) occurs in all the sweet-tasting 

plants, crystallizes with some difficulty , often with one molecule 
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Jorgensen and Stiles, “Carbon Assimilation.” (Wesley.) 
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Indies, the United States of America, and Queensland, with 

mofe efficient machinery, and by moistening the pressed 
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in India quantities of from two to five hundred pounds per 

acre of nitrogen have been used, although the larger quantity 

seems unnecessary. Other manures, such as phospliatic and 

potassic ones, are sometimes necessary, but not to anything 



selves, that is to say, it rises to nearly 18 per cent, of sugar. 

This process has the great advantage that the cell-wall of 
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we say that there is about 5 per cent, of sugar in those twenty- 
four millions of tons ; that is to say, there is well over a 
million tons of sugar grown in the British Isles and eaten 
chiefly by cattle in the form of turnips and swedes. In 



employed are — 

(1) The fermentation process, in which the material, 

after being ground up with water, is allowed to ferment. 

The fermentation results in the solution of the albuminous 
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of all forms of that article. The composition of maize is 

very constant at about 70 per cent, carbohydrates, mostly 

starch, and about 4 to 5 per cent. oil. Maize germ meal, the 

germ after extracting the oil, is used as cattle food. Gluten 
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by the usual methods (see p. 117). Both maize and rice 

lend themselves to the possibility of producing starch by 

the dry method of grinding and blowing by currents of air, 

but starch is chiefly made by one of the wet methods. 



the production of alcohol. 

In comparing the relative values of maize and potatoe 
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feeble composition with alkalies when treated with sodium 

hydrate, and produces alkali cellulose, hence many forms of 








materials. The lower parts of the stem often make an 

inferior type of jute, and are, therefore, commonly cut off 
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To remove greasy matters, the materials are boiled with 

a solution of caustic soda and caustic lime. Tinen rags will 
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20 and 6o° Cent., the action of the enzyme on the linimarin 

will begin. The rate at which the prussic acid is evolved 
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clarified by washing with caustic soda and cooling till 

stearin separates out. Cotton-seed oil is not a drying oil, 

like linseed, and is used for lubricating purposes, and for 

replacing olive oil, butter, and other edible fats. 

Owing to the large amount of husk enclosing the cotton 
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soap, it compels the manufacturer to employ more salt 

to throw soap out of solution in the boiling vat. 
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The oil palm tree, which gives the palm kernel oil, more 
frequently grows inland in open country and bush land, in 
contradistinction to the coconut, which grows chiefly on 
the sea border. Neither trees are commonly met with at any 



a 


greater care to press the cakes more completely, and they 

are thereby producing a bigger yield of oil and at the same 

time a cake which, though it may look less satisfactory 

on analysis, is more practically useful, because it does not 

absorb water nor turn rancid on storage. Palm kernel 


minoids, and 5 to 7 per cent, of fibre. When the husks 

have not been removed, the fibre may vary from about 
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18 to 30 per cent., with a corresponding reduction in the 
other constituents. The resulting cake is highly esteemed 
as a cattle food, being of a very palatable nature. 

Rape Seed (Colza, Sarson). — Rape seed is grown in 





extra-peninsular portion, and the other in the southern or 

peninsular portion. Mowha fat is soft and yellow, like 






***>+«• .f> « : f . ♦ v* v * 


' - •:-■• ■ • '#-* • a? ■ 













nitrogen, and yield on hydrolysis a large proportion of 

arginine. 

Vicilin, from peas, is characterized by the small amount 
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of ammonia in proportion to the amount of glutaminic 
and aspartic acids, and mast, therefore, contain those 
amino acids in a form different from that of the amide. 
This protein has also been found to contain very little sulphur. 
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castor bean can be treed by dialysis from all but minute traces 

of the toxic substances contained in the beans, a fact which 

forms one of the best pieces of evidence that these materials 

can be obtained in at least some degree of purity. Edestin, 

the chief protein of hemp seed, is entirely insoluble in water, 
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In tropical climates a rich, sandy loam is preferred, 

containing considerable quantities of potash and lime. 

In India a great many of the most suitable districts contain 

well waters with nitrates in solution, which are used for 

irrigating purposes. The land is usually thoroughly ploughed 
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important point in considering coffee plantations. At 

least temporary shade must be provided for the seedlings. 
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woods can only be successfully carried out if all possible 

sources of revenue are considered. The practical management 
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absorbed by rubber, and some of these make good typical 

colloidal solutions. 
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ten hours, the yellow-coloured liquor thrown off, and beaten 

either by hand- working bamboos, or by a kind of paddle 

wheel. It is then carried to a boiler, where the liquor is 

heated. The indigo is filtered off, and the mass dried. 

Sometimes a further fermentation is allowed to take place 
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by a process of bottling, in which the fruit is placed in bottles 
along with water with or without sugar, and sterilized by 
heating with steam, or by making into jam. In the bottling 
method, so long as bacteria can be prevented from obtaining 
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upwards, and while the relationship of labour to the farm 

is being completely altered in the British Isles, ideas which 

were formerly sound have become quite impracticable. The 

question of the markets, the supply of labour, and the rent 

of the land will always be in need of careful coasideration. 


it is, nevertheless, quite feasible to adopt some general 

principles. 





roots to go down after water, and leaves the soil loose for the 

development of the tubers. Sugar-producing crops are often 

more exhaustive. Swedes and mangolds require much 

nitrogenous as well as phosphatic manure. A standard 

dressing is used iot mangolds at Cockle Park, containing 


probably the wild red clover is equally suitable. There is 

a great difference between growing mixed crops of herbage 

and, growing a single crop in the ordinary way. Where 
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systems of manuring. For obtaining large crops of hav, 

farmyard manure is almost essential, although very fair crops 

have been obtained by phosphatic manures, supplemented 

by potassic manures. The relative feeding values of the 


place more rapidly in tropical climates than in 
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any very large extent, but it has no delaying action, in the 

same way as the nitrogen. Development of deep roots will 

also depend upon the position of the water supply. Deep 

water will encourage deep rooting, and surface water will 
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general farming combine two entirely distinct objects, 

namely, stock and crop production. The amount of meat 

that can be produced from an area in pasture is le$s than that 
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ammonia volatile with caustic alkali and steam, or some such 

similar division. Such bodies as asparagine will only yield 

half their nitrogen by distillation with caustic alkali and 

steam. Such a division, at the best, does not really answer 

the question we wish to ask. What we really want to know 











excessive heat, and, therefore, do not suffer from drinking 

cold water. Pigs, however, being smaller animals, and being 

ill protected by hair, not infrequently show some good 

results from heating the water supply. When water, in 






foods are similar to those described in Part III., p. 147. 

So far as regards the more concentrated foods, the total 











are often other forms of nitrogen than these. A portion 

of the other forms will often be nitrates, but there are other 

nitrogenous compounds whose constitution is little under- 

stood. For a large number of purposes no effort is made to 
do more than determine the total nitrogen in the foodstuffs. 


concentrated form. 

Starch. — In the case of feeding animals there does not 
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town cowkeeper, who has to purchase everything in the way 

of food, as it does to a farmer who grows his own hay. In 

small quantities, therefore, one must regard fibre as being 

useful. In large quantities it is not merely useless but 

highly objectionable. 










sometimes assumed by those who use his tables. Such 

apparent discrepancies in the table of digestibility of decorti- 

cated cotton seed meal, where the digestibility coefficient 
of the fibre varies from o to ioo, though appearing very big, 
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urea instead of nitrogen. No such deduction, of course, 

has to be made for the carbohydrates or oils. The calories 

evolved in the consumption of a food, therefore, needs 

two deductions to be made from them. Firstly the 
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One hundred head of population, consisting of mixed 

men, women, and children, may be considered as equal to 

seventy-seven men. One “ person” needs a million Calories 
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ing periods of milking, calculated in hours. The portions 

of milk first drawn may contain only i per cent, fat, whilst 


♦ 
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the last portions drawn may contain as much as 10 per cent. 
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acre of wheat will produce four quarters grain and i| tons 

r>traw. This food material, fed to cattle, will produce 256 

lbs. of meat, or 360 gallons of milk. The same land, under 

grass, will produce i§ tons of hay, giving 120 lbs. of meat, 







through the walls and roof, the noo cubic feet of air passing 

per hour through the ventilators, rising in temperature 

from 50° F. (io° C.) to 68° F. (20° C.) and evaporating the 

water necessary to saturate it, there would be needed 

239 calories per hour. The. actual heat produced by the 
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have different temperatures of gelatinization, and, there- 

fore, the time needed for cooking also differs. This difficulty 
is likely to be still further increased if potato flour is used 

in addition, since the gelatinizing temperature of potato 



it would certainly be wise to employ safe manures, like 

basic slag, with U more lavish hand, since the conditions 
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which suggest that grazing can produce returns to cover 

interest, sinking fund, profit, management, etc., of about 27 
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houses, implements, etc., but such capital is very immobile. 

Not very many years ago the farmer in Great Britain had 
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is a natural part of rural economy. Whilst it is true that 

arable land may produce twice as much food as grass land, 

it would take nearly ten times as much labour to obtain 

such a result. And where is this labour to come from ? The 




for war . Both old and new sources of labour must be directed 

to the land. There are a large number of men who were 
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of co-operation. It is difficult to see how any system of co- 

operation among smallholders can be superior to that which 





oi tne land we were willing to cultivate, and that the labour 

that the farmer could afford to pay for has been insufficient 

for that cultivation. The ratio of labour to land must be 

increased to obtain an increased plant production, and, 

since the land in the" British Isles is almost a fixed quantity, 


to send his son to the University for a purely classical 

style of education, whereas he should prefer his son to 
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Scutching, 126 Soluble phosphate, 25, 34, 41 

Sea-bird guano, 35 Somerville, 98, 134, 179, 223 

Sea Island cotton, 125 Soot, 17, 66, 92 

Sea water, 37, 94, 140 Sorrel, 103 
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